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Abstract 
Paclobutrazol applied to the soil is used for the production management of 
mango in most of orchards on the semiarid region. However, it is necessary to identify 
other plant growth regulators that might be applied to the leaves, so as to minimize 
the risk of residues in the soil and plant. The present paper has the purpose to 
evaluate the effect of plant regulators in the management of vegetative growth on 
mangoes ‘Tommy Atkins’. Three plant growth regulators, sprayed to the leaves, were 
evaluated: prohexadione-Ca, ethyl-trinexapac and chlormequat chloride, applied in 
two dosages, and compared to paclobutrazol applied to the soil. In order to compare 
the effects of the treatment, data were recorded on the vegetative growth (number and 
length of the shoots). Furthermore, the levels of gibberellins in the apical area of the 
shoots of ‘Tommy Atkins’ were quantified, from the beginning of the experiment until 
the beginning of floral induction. The results showed that sprayings with prohexa-
dione-Ca, trinexapac-ethyl and chlormequat chloride in a dosage of 1.5 g a.i. plant-1 
plant was as efficient as a dose of 4.0 g a.i. plant-1 of paclobutrazol applied to the soil, 
regarding the regulation of vegetative growth of ‘Tommy Atkins’.  
 
INTRODUCTION 
Mango growth is cyclical and it occurs as flushes of vegetation, in terminal and 
axillary buds of shoots, with the issue and fully expanded leaves, before the rest. Three 
types of shoots develop after a period of rest: vegetative, reproductive and mixed. Mango 
flowering may be changed, naturally or artificially, because of weather conditions, crop 
productivity, cultural practices, such as the use of plant growth retardant (Davenport, 
2007). 
The flowers appear in the reproduction process makes it possible to obtain regular 
productions, as well as the management of the harvest season in tropical and subtropical 
plants, and some work has been directed to the study of endogenous hormones in this 
process. Bangerth (2005) found that gibberellin (GA) and auxin (Ax) act together or 
independently, as inhibitors of signals correlative to floral induction. Young leaves 
constitute the major site of biosynthesis of GA (Vivanco and Flores, 2000). 
High levels of GA inhibit flowering and stimulate vegetative growth and its 
decline will promote flowering (Davenport, 2007). Most plant growth retardants inhibit 
the synthesis of GA and could be used in the management of vegetative growth. Three 
different types of retardant plants interfere with the synthesis of GA: quaternary, as 
mepiquat chloride and chlormequat chloride (CCC); cyclic compounds containing a 
nitrogen as paclobutrazol (PBZ) and uniconazole, and acylcyclohexanodiones as ethyl 
trinexapac (TrixE) and prohexadione Ca (ProCa) (Rademacher, 2000).  
Floral induction and production management under conditions of high tempera-
tures in the semi-arid Northeast, needs plants with mature shoots, at least three months 
old (Albuquerque et al., 2002). Among the retardants used in vegetable crops, the 
paclobutrazol (PBZ) has as inconvenience the need for land application and greater 
persistence in plant and soil (Rademacher et al., 2006). This study aimed to evaluate the 
effect of growth retardants in reduced GA content and the efficiency in the regulation of 
vegetative shoots.  
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MATERIAL AND METHODS 
Experiments were carried out in field conditions, located at latitude 09°24’S, 
longitude 40°20’W and altitude of 370 m, Petrolina, Pernambuco State. The climate of the 
region is a very hot semi-arid. The average annual rainfall is 572.5 mm, distributed from 
December to April. The mean annual temperature is 26.4°C, with a minimum average of 
20.6°C and maximum average of 31.7°C.  
The ‘Tommy Atkins’ cultivar orchard where the experiment was carried out is six 
years old and has a spacing of 8 m between lines and 5 m between plants. The spraying of 
plant growth regulators to the leaves and application of paclobutrazol to the soil was 
carried out after the second vegetative flush emitted after the last formation pruning of the 
orchard.  
The plant growth regulators were sprayed at intervals based on the results obtained 
by Mouco et al. (2010) with ‘Tommy Atkins’ mango seedlings, under greenhouse condi-
tions; prohexadione-Ca (ProCa) was sprayed four times, at 20 days interval; trinexapac-
ethyl (TrixE) was sprayed twice, at 45 days interval; chlormequat chloride (CCC) was 
sprayed three times at 30 days interval. Paclobutrazol (PBZ) was applied as soil-drench 
once.  
The experiment was designed as a randomized blocks: the three plant growth 
regulators were tested at two dosages each, PBZ, PBZ and ProCa combination and 
control, resulted in nine treatments and four replications. The data were statistically 
processed and the Tukey test at 5% probability used. The experimental plot consisted of 
two plants, to evaluate in relation to the emission of new vegetative flushes, after the plant 
growth regulator application.  
Apical buds of the vegetative shoot, which included six to seven leaves, was 
collected to the determination of gibberellin (GA3), 12 samples of each plant of four 
replications. The first collection was made at the time that it preceded the application of 
plant growth regulators. The second collection was made in plants that received ProCa 
(ProCa1 and 2), 20 days after the first collection and before the second spraying, as well 
as in control plants; CCC1, CCC2 and control plants apical buds were collected 30 days 
after the first and before the second application of plant growth regulators. The fourth 
collection was made in TrixE1 and TrixE2 treatments, 45 days after first and before the 
second spraying. At this time, samples were also collected of plants treated with PBZ and 
control. The fifth collection was made in all treatments at the time of spraying with 
potassium nitrate for break-bud induction. 
1 g of mango leaves was weighed to quantify GA3 and it was put in a centrifuge 
tube of 15 mL and added to 8 ml of extraction; after homogenization and ultrasonic bath 
for 15 minutes, the mixture was centrifuged and the solution filtered and diluted. The final 
extract was injected in the LC-MS/MS – 1200 L.  
 
RESULTS AND DISCUSSION 
At 15 days of the beginning of the experiment, all treatments had at least one plant 
with 100% vegetative shoots. This result may be associated with maximum temperatures 
during the period, exceeding 30°C, suitable for the stimulation of vegetative shoots in 
mango (Whiley, 1993). 15 days is not enough for the effect on the shoots in treatments 
with PBZ (land application), independent of the temperature; the time of translocation 
(via xylem) is approximately 30 days (Singh, 2001). Treatments of TrixE2 (3.0 g plant-1) 
inhibited the vegetative growth more efficiently and regularly, only one vegetative shoot 
of the 16 scored in four plants. However, this product was the most damaging to the 
foliage, with a proportional intensity to dosage. Besides the already mentioned high 
temperatures, relative humidity between 50 and 60% may have aggravated the damage 
leaves. TrixE in the same concentration, also showed symptoms of burning, under 
conditions of a greenhouse (Mouco, 2010), but not in grasses (Pannacci et al., 2004). 
ProCa reduced the length of the first vegetative flush at 5.3% and 13.3%, 
respectively, for 1.5 and 3.0 g plant-1 dosages, but they didn’t differ statistically from the 
control. In apple, the ProCa has been effective in reducing the length of the internode 
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(Costa et al., 2004; Basak, 2004); in pear, the effect of ProCa was more rapid than CCC 
and PBZ applications (Deckers et al., 2005; Asin and Vilardell, 2006). TrixE and CCC, 
regardless of dosage, reduced significantly the length of the shoots; 3.0 g plant-1 promoted 
shortening of shoot similar to the PBZ and which corresponded to 30.2, 31 and 27.2% for 
the TrixE, CCC and PBZ, respectively, when compared with the control (Table 1). TrixE, 
in two dosages, and PBZ inhibited, significantly, the new vegetative shoots, when 
compared with the control (Table 1). CCC and ProCa reduced the vegetative shoot length. 
After six months of the first application of growth regulators, no significant 
differences in shoot length was observed (Table 1). However, treatments with CCC and 
TrixE (3.0 g a.i. plant-1) reduced the length in 30.1 and 23.0%, respectively. CCC and 
TrixE reduced the vegetative shoots more intensity than PBZ in the soil. 
The levels of GA3 in the shoots of the plant control decreased 43% between the 
first and second collection (20 days), and the third evaluation, the first 30 days, showed 
the greatest increase, 57% from the beginning of the evaluations, keeping at high levels 
until the end of the period of collection, which lasted 105 days (Fig. 1A). Tongumpai et 
al. (1991) reported increases in the level of GA in mango shoots during the six weeks 
after the emergence of shoots and directly related to vegetative growth. However, the 
contents of GAs in plants that flowered decreased and be detected at the time prior to 
flowering. In ‘Tommy Atkins’, GA levels were higher in newly expanded shoots 
(Davenport et al., 2001). 
Figure 1B shows the contents of the GA3 in the shoots of the ProCa plant and 
compared with the control; ProCa1 (1.5 g a.i. plant-1) lightly delayed the level of GA3, 
only 14% compared to beginning of the evaluations and lower reductions than those 
observed in control. The reduced levels of GA using ProCa in tomato and apple is 
significant, three and six days after application, increasing thereafter, the contents of GA, 
as restoration of vegetative growth (Ramirez et al., 2005, 2006). In the third collection, 
105 days of the start and 45 days after the fourth spray (ProCa), GA3 levels were higher, 
but the plant with the lower dosage of ProCa showed lower GA3 level than the control; 
the highest dosages of ProCa (3.0 g a.i. plant-1), different than expected, did not inhibit 
more efficiently the synthesis of GA in plants (Fig. 1B). According to Basak and Rade-
macher (2000), a dosage of 250 mg L-1, applied at the beginning of the apical bud burst (5 
cm), caused a reduction in the level of GA in shoots of apple trees between 3 and 17 days 
after application, but GA levels were restored 24 days after application. GA levels passed 
the levels in the control treatment and persisted for 52 days after the ProCa application. 
TrixE reduced by 37% the levels of GA3 in the shoots, compared to control, 
during the first 45 days of spraying. In the third evaluation, 105 days of the treatment 
application and 60 days of the second and last TrixE application, GA3 concentration were 
25% lower than control plants, regardless of dosage. The levels of GA3 kept low during 
the period when the experiment was conducted; they might explain the results obtained 
with the efficiency observed with respect to vegetative flushes in plants that received 
TrixE (Fig. 1C). 
CCC has shown to be effective in reducing the levels of GA3, after 30 days of 
spraying; lower dosage (1.5 g a.i. plant-1) showed greater than 41% than the control. The 
highest dosage of CCC (3.0 g a.i. plant-1) also reduced the levels of GA in the shoots when 
compared with the control, but not with the same efficiency as the lower dosage (Fig. 1D). 
The treatments with PBZ and PBZ+ProCa showed increased levels of GA3 in the shoots 
sampled during the assessments at 45 and 105 days after the application of the treatments, 
but GA3 levels detected were slightly lower than those observed at 45 days in shoots of 
control plants (Fig. 1E). The effect of ProCa (with PBZ) in reducing the levels of GA in the 
plant was not observed, possibly due to the time between its spraying and bud collection. 
Singh (2001) reports decreasing levels of GA for 120 days after the application of 
PBZ in mango, with levels kept low during the differentiation of bud and panicle 
emergence. However, Naphron et al. (2004) report decreases in the concentration of GA, 
in buds of mango treated with PBZ only the first three weeks after the induction, when 
GA levels are exceeding those of control.  
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TrixE, independent of dosage, reduced levels of GA in the shoots, but also 
effectively regulated vegetative growth during the experiment with cv. Tommy Atkins. 
ProCa and CCC at 1.5 g plant-1 dosage were more effective than 3.0 g plant-1 in inhibiting 
the production of GA. CCC and ProCa might be tested at 1,5 g plant or below. Interval 
between plant growth retardants sprayings is more important than dosage. PBZ did not 
reduce GA levels after 45 days, but it reduced the shoot number and length. 
 
CONCLUSION 
Prohexadione-Ca, trinexapac-ethyl and chlormequat chloride sprayings at a dosage 
of 1.5 g a.i. plant-1 was as efficient as paclobutrazol at a dosage of 4.0 g a.i. plant-1, 
applied to the soil, to regulate vegetative growth of mango ‘Tommy Atkins’. 
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Tables 
 
 
 
Table 1. Length of vegetative flushes after treatments. Mango ‘Tommy Atkins’. Fazenda 
Frutavi, Petrolina, PE. 2006. 
 
Treatments 1
st Vegetative 
flush 
Flushes 
number w 
Last vegetative 
flushz (cm) 
1-ProCa1 (1.5 g a.i. plant-1) 24.90 ab y 1.50 ab 25.17 a 
2-ProCa2 (3.0 g a.i. plant-1) 22.80 abc 1.25 abc 22.80 a 
3-TrixE1 (1.5 g a.i. plant-1) 20.50 bc 0.75 c 20.20 a 
4-TrixE2 (3.0 g a.i. plant-1) 18.35 c 0.25 c 19.70 a 
5-CCC1 (1.5 g a.i. plant-1) 20.27 bc 2.25 a 20.69 a 
6-CCC2 (3.0 g a.i. plant-1) 18.16 c 1.00 ab 17.67 a 
7-PBZ (4.0 g a.i. plant-1) 19.16 c 0.50 c 20.64 a 
8-Control 26.31 a 1.50 ab 25.60 a 
9-PBZ + ProCa1 21.95 abc 1.00 ab 24.66 a 
C.V. (%) 12.2 13.9 16.7 
w Data transformed into √ x+1. For presentation in the table, we used the data obtained with the inverse 
operation.  
y Means followed by the same letter in the column are not significantly different according to Tukey test 
(P≤0,05). Flushes after six months of beginning treatment.  
z Vegetative flushes after six months of beginning treatment.  
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Fig. 1. Gibberellins on mango ‘Tommy Atkins’ shoots: A – Control; B – ProCa 1 and 2 
(1.5 and 3.0 g a.i. plant-1); C – TrixE 1 and 2 (1.5 and 3.0 g a.i. plant-1); D – CCC 1 
and 2 (1.5 and 3.0 g a.i. plant-1); E – PBZ and PBZ+ ProCa (1.5 g a.i. plant-1). 
Petrolina, PE. 2007. 
 
